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Abstract- A type of semiconductor heterojunctions was 

fabricated by ZnO thin film layer deposited on Si substrate. 

The elementary particles were examined by Energy Dispersive 

X-rays (EDX). X-ray Diffraction (XRD) analysis was 

described by structural properties of ZnO and Si layer. The 

study of ZnO growth morphology on Si substrate was 

determined by Scanning Electron Microscope (SEM). Then, 

the electrical and optical characteristics for ZnO-Si solar cell 

was investigated. Thermally simulated current (TSC) and I-V 

characteristics under different wavelengths in visible regions 

were also studied. In this work, the ZnO-Si thin film layer was 

indicated in photovoltaic effect. Moreover, studying silver 

contact on ZnO-Si heterojunction was purposed for achieving 

higher efficiency.  
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I. INTRODUCTION 

Solar (photovoltaic) cell is a device that converts photon 

energy directly into electrical energy. This is achieved by 

using solid state semiconductor devices. Many 

semiconductors exhibit changes in some of their physical 

properties when exposed to appropriate photon energy. This 

phenomenon is known as photosensitivity. In addition, the 

phenomenon of incident photon energy modifying the 

intrinsic resistivity or conductivity of a semiconductor is 

known as photoconductivity. These photons induced effects 

have been utilized to produce devices that convert photon 

energy directly into useful electrical energy; such devices are 

normally called solar cells. When photon energy coming 

from the sun, for instance, falls on a solar cell, a fraction of 

the incident solar energy with appropriate wavelengths is 

converted into electricity, a photon that is known as solar 

photovoltaics [1]. 

The Zinc oxide, as an important semiconductor material, 

is with a wide band gap energy of 3.37 eV, high exciton 

binding energy of 60 meV, a wide range resistivity, high 

electron hall mobility (200 cm2Vs-1) and high transparency 

at room temperature [2]. These unique properties make ZnO 

which has many potential applications; such as ultraviolet 

(UV) photoconductive detectors [3], solar cells [4], photo 

catalysts [5], light emitting diodes [6], especially for solar 

cells. They have been growing research efforts to improve 

the cell efficiency by optical absorption. These properties 

and potential applications make this material an attractive 

subject for theoretical studies for thin film technologies. 

Moreover, ZnO; II-VI compound semiconductor, is a 

cheap, abundant, chemically stable and nontoxicity 

material with excellent radiation hardness. ZnO has been 

grown on different substrates such as GaAs, Si, Glass, 

Sapphire these are used by several techniques for many 

reasonable applications. For example, light emitting diodes, 

visitors, optical waveguides and conductive gas sensors are 

used by several techniques such as pulse laser deposition, 

spray pyrolysis, dc magnetron sputtering and thermal 

evaporation method. Thermal evaporation method is widely 

used and interested due to simple technique, cost effective, 

easy deposition, enhancing adjusted composition and 

dopants, and fabricating large area films. 

Silver Ag, a soft, white, lustrous transition material, it 

exhibits the highest electrical conductivity, thermal 

conductivity and reflectivity of any metal [7]. The 

conventional Si thin-film solar cell technology depends on 

textured metal based back reflectors, which typically 

consists of a silver layer deposited on a thin film transparent 

conducting oxide (TCO) layer, ZnO [8]. Although silver 

reflectors exhibit excellent electrical and optical reflectivity 

properties, they still require a high manufacturing cost. Thus 

a low cost silver doped thin film is developed as a back 

reflected layer using Si junction solar cell. Therefore, silver 

doped ZnO/Si thin film is effectively enhanced the short- 

circuit current under visible wavelength region and 

improving efficiency for solar cell fabrication.  

II. METHODOLOGY 

The development of nanoscience and nanotechnology 

research on ceramic materials shows a lot of 

promising applications of ZnO in the manufacturing of 

nanoscale-based electronic and optoelectronic devices 

and the fact that it is a wide band gap semiconductor  

with good carrier mobility. Furthermore, it can also be doped 

both n-type and p-type [9-11]. Moreover, selection of ZnO 

film is grown for the realization of excited based photonic 

devices. 

ZnO has some advantages for the short wavelength 

3650A˚ applications compared with ZnSe and GaN based 

materials. The most peculiar point is that ZnO has a large 

exciton binding energy about three times as large as those of 

ZnSe and GaN. For this large binding energy, the exciton is 

stable at room temperature even in the bulk crystal. Another 

notable property is that it has large bond strength. Hence, 

ZnO is a hopeful material for exciton-related optical devices. 

Amorphous ZnO powder, molecular weight 81.378g 

and its melting point is about 1800°C. Its high refractive 

index (n=2) makes it a good white pigment where its main 

diameter for maximum light scattering is 0.25 µm. 

Photoconductivity of ZnO has been observed so far only as 

a surface phenomenon and without sensitization by absorbed 

foreign substance, merely with light in the spectral region of 

fundamental absorption and having a penetration depth of 

about 2x10-15cm. ZnO which has wurtzite structure and its 

lattice constants are a=b=3.242ºA and c=5.176ºA. 

 In this article, Ag-doped ZnO thin films with various 

doping concentration are prepared by thermal evaporation 

method. The p-type Ag solid phase solution is used an 

appropriate contact on nn+ ZnO-Si layer to form pnn+ solar 

cell structure for two main reasons: 
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(1) To have low contact resistance and 

(2) To create an electric field which reduces carrier.  
A.  Preparation of ZnO-Si Heterojunction  

 In this work, was investigated with n-type ZnO/n-type, a 

single crystal Si heterostructures. N-type silicon wafers with 

a resistivity of (ρ = 0-30cm) were cut into pieces of the size 

of 0.4 cm2. The used Si wafers were cleaned to reduce the 

contamination by using etching solution HF:H2O =1:10 prior 

to each experiment. The wafers were cleaned and dried by 

the following block diagram: 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1  Block diagram of preparing to growth on Si wafers   

And then, zinc oxide powder was deposited on n-type 

Si substrates by thermal evaporation method. ZnO deposited 

on Si substrates were carried out with different annealing 

temperatures 700ºC, 800ºC, 900ºC for 90 min at each 

temperature to compare. Then, analysed characteristics of 

these concerning with various temperatures. The ZnO 

powder could not be deposited at low temperatures because 

it melts at 1800°C under normal pressure. After annealing, 

these were cleaned with HF:H2O =1:10 solution and distilled 

water. Then, ZnO-Si heterojunction layers were achieved. 

Silicon wafers of n-type (100) was used in the present 

research. ZnO epitaxial layers grown on Si substrates by 

thermal evaporation method analysed by EDX, XRD and 

SEM were descried as follows. To enhance the achievement 

of higher efficiency, silver is widely used for doping to ZnO 

as an improvement of solar characteristics.  

III. RESULLTS AND DISCUSSIONS 

A. Energy Dispersive X-Rays Analysis 

EDX analysis is used as a tool for studying the 

composite of elementary particles. Figure 2 shows the EDX 

analysis for ZnO grown on Si sample. From this pattern, Zn, 

Si and O peaks are deeply in combined with each other. 

 

Fig 2. The Energy Dispersive X-ray (EDX) Analysis of ZnO-Si Sample 

B.  X-Ray Diffraction Analysis  

XRD pattern is analysed for phase formation 

transformation, lattice parameters, and the preferred 

orientation of ZnO thin film. The ZnO-Si sample is also 

examined with a RIGAKU model RINT 2000 diffractometer. 

The XRD analysis of ZnO-Si specimen with applied 40 kV 

and 30mA, the k-alpha filter and Cu X-ray (λ= 1.54056 Aº) 

detection is done. 

ZnO grown on Si substrate via thermal evaporation 

method is examined by XRD pattern shown in Figure 3. 

According to Bragg’s Law, the condition for constructive 

reflection of the incident radiation is  

2d sinθ = n λ  …………. Equation 1 

Consider parallel lattice planes space d apart, an integral 

number n of wavelengths λ  and θ is measured from 

the plane.  

𝟏

𝐝𝟐 =
𝟒

𝟑
[

𝐡𝟐+𝐡𝐤+𝐤𝟐

𝐚𝟐 ] +
𝐥𝟐

𝐜𝟐  …………. Equation 2   [12] 

 

 
Fig 3. The XRD Pattern of ZnO-Si Sample at Annealing 800ºC 

As the experimental results, the lattice constants are a= 

3.212 Aº and c= 5.139Aº. The calculated ratio c/a is very 

closed to the theoretically accepted value 1.6 for hexagonal.  

So, it can be concluded that zinc oxide might be successfully 

diffused into the Si substrate.  

C. Scanning Electron Microscope (SEM) View on Zinc 

Oxide  Films 

SEM analysis is measured for microstructural thin film 

semiconducting materials because of the physical properties 

of the specimen which give rise to contrast in the 

micrographs. The surface morphologies of studied ZnO- Si 

samples are using SEM. Figure 3 (a), (b) and (c) show the 

SEM photographs of the surface of the ZnO layer grown on 

Si substrates at different annealing temperatures. ZnO-Si 

sample at annealed temperatures 700ºC and 900ºC can be 

found that the quality of ZnO films are stacking and roughly 

thick films as seen in Figure 4(a) and 4(c). The film prepared 

at annealed temperature 900ºC are relatively thick and 

poorly transparent than annealed temperature 700ºC due to 

light scattering.  

 

 
(a) 

Etching Si wafer 

Immersing and cleaning with distilled water 

Cleaning in acetone of high purity 

Washing in alcohol of high purity 

Drying of Si substrate 
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(c) 

Fig 4. The SEM Photographs of ZnO Layer Grown on Si Substrate at 

Different Annealing Temperatures (a) 700°C (a) 800°C (b)900°C 

 

Figure 4 (b) can be seen the SEM photograph of the 

surface of ZnO epitaxial layers grown on Si substrate for 

crystallographic orientation (100) at annealed temperature 

800 ºC.  They can be clearly described that the films prepared 

at different annealing temperatures have different physical 

properties of the specimens. They all are composed of small 

hexagonal formed particles. With increasing substrate 

temperature, the small ZnO particles aggregate are formed. 

However, too high a temperature (> 900ºC) was found to 

reduce the transparency of the ZnO thin film, and thus 800ºC 

annealed temperature is optimum temperature in this work. 

Thus, the substrate temperature is usually considered to have 

the most significant effect on the quality of the film. 
 

D. Study on the Characteristics of ZnO- Si Fabricated 

Thin Film 

Zinc Oxide, wide band gap semiconductor, has high 

excitation energy that makes an important material for 

conductive type devices. The wide spread applicability of 

this semiconducting oxide is related both to its range of 

conductive variability and to the fact that it responses to 

oxidize. In this research, n-type ZnO layer is operated as a 

solar cell device that grown on n- type silicon substrate that 

has band gap of 1.1 eV. The electrical characteristics 

1) Photoelectric Properties  

 Firstly, the electrical characteristics of ZnO-Si 

heterojunction is investigated by measuring I-V plot under 

large bias region and low bias region. The current is 

predominantly by electrons and the continuity requirement 

for the total current density to be constant throughout those 

regions. It is of interest to consider the minority carriers 

(holes). The hole current in ZnO is greater than the n+ region 

in Si because of more amount of hole density in n region of 

ZnO. After that, TSC – temperature characteristics are also 

examined. According to the analysis, the ZnO- Si samples 

have photoelectric effect nature. The experimental 

illuminated I-V characteristics of ZnO-Si heterojunction at 

different annealed temperatures are as shown in Figure 5. 

From the experimental measurements, the optimum currents 

can be measured for quenching temperature 800°C.  

 

 
Fig 5. The Illuminated I-V Characteristics of ZnO-Si Heterojunctions at 

Different Annealing Temperatures 
 

In order to clarify the polarity of I-V curve of ZnO-Si 

sample, the method of thermally simulated current (TSC) 

was applied. The effect of temperature applied biasing 

voltage on TSC curve (thermal sampling method) for ZnO- 

Si sample is shown in Figure 6. According to the result, the 

current due to the back electromotive force induced by 

applying dc voltage increases with an increase of ambient 

temperature, illustrates a maximum current, Im and then 

decreases with a further increase of ambient temperature. 

From these results, the value of Im is in close connection to 

the polarity of I-V curve, thus the larger polarity results in 

the higher value of Im. The value of temperature is almost 

independent of the bias voltage. The sample is cooled to 

room temperature and the I-V curves are checked to be 

recovered to initial ones. 

As the above mentioned, the origin of electromotive 

force and the deep trapping level may be responsible for the 

degradation of I-V curve in the view point of space charged 

polarization of trapped charge. Therefore, TSC observed in 

ZnO layer grown on Si substrate for playing in I-V curve. 

The Schottky-type barriers layer due to the difference of 

work function or the traps at surface state exists at the 

interface between ZnO layer and Si substrate. So, thermally 

observed in ZnO layer due to the recovery from electrical 

stress in Schottky-type barriers layers or the thermal release 

of electrons from traps.  

 

 
 
Fig 6. Effect of Biased Voltage on TSC Curves of ZnO-Si Thin Film  
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Figure 7 represents the dependence of photovoltage (Voc) 

and photocurrent (Isc) on the incident light intensity. They 

can be obviously seen that both the values of Voc and Isc are 

increasing with increasing of light intensity, agreeing with 

theoretical aspects.  

The most important parameter for a comparison of solar 

cells is the efficiency (η) of light conversion. In this work, 

the efficiency of the solar cell is calculated by using the 

equation: 

        ƞ=  
𝑃𝑚𝑎𝑥

𝑃𝑖𝑛
                             …………. Equation 3 

The fill factor (FF) determines the maximum power 

from the photovoltaic cell. The fill factor can be expressed 

by the following equation: 

FF=  
𝑃𝑚𝐼𝑚

𝑉𝑜𝑐𝐼𝑠𝑐
   ………….    Equation 4 

where, Vm, Im   = cell voltage and cell current at the maximum 

power point of the I-V characteristics of 

photovoltaic cell 

      Pmax = power maximum output power 

       Pin     = power of the incident light source [13] 

 

In the present work, although photo voltage achieved 

from the cell has fair values, photocurrents are a little poor. 

It is evident that the larger gap material produces the largest 

open-circuit voltage, while the lowest gap material which 

absorbs a greater portion of the incident spectrum, generates 

the largest short-circuit current. On the other hand, a large 

energy gap can give a higher photo voltage and a lower 

photocurrent. This is also one fact that the efficiency is lower.  

 

Fig 7. Dependence of Voc and Isc on the Illuminated Intensity 

The calculated cell parameters of ZnO-Si hetero- 

junction are described in Table1. 

TABLE 1 

PROPERTIES OF ZnO-Si SOLAR CELLS PREPARED AT 

DIFFERENT ANNEALING TEMPERATURES  

 
Substrate 

Orientation 

Annealing 

Tempera-

ture (°C) 

Voc 

(mV) 

Isc 

(µA) 

Pm 

(µW) 

Ƞ 

(%) 

FF 

(%) 

Si(100) 700 200 23.1 1.60 1.48 34.52 

800 299 37.2 4.14 3.83 37.22 

900 130 12.6 0.51 0.47 31.20 

 

Figure 8 depicts that the calibration of intensity vs. 

wavelength plot for 5W electric bulbs under visible 

wavelength region. From this condition, the orange light has 

optimum intensity. 

 

 
 

Fig 8. Calibration of Intensity Vs Wavelength Graph 

The I-V characteristics of ZnO-Si solar cells are also 

measured with various light intensities (using 5W electric 

bulbs) under different wavelengths in the visible range are 

illustrated in Figure 9.  
 

 
 

Fig 9. I-V Characteristics of ZnO-Si Cell under Different Wavelengths 

           in Visible Region 
 

As seen in figure, the current-voltage characteristics of 

various light intensities under different wavelengths in the 

visible range are illustrated. From the experimental result, 

ZnO-Si sample under yellow light is more sensitive than 

under other visible light regions. 

The orange light has optimum intensity (λ~573nm) but 

the best photocell characteristics are achieved under yellow 

light (λ~556nm). This is because of the window effect. The 

corresponding emission wavelength can be calculated from 

the following equation. 

 

∆Eg = hc/λ  …………….. Equation 4 

Where, ∆Eg = Eg1 - Eg 2 

 

The calculated corresponding emission wavelength is 

approximately 561 nm. 

 

E. Investigation of Silver Contact on ZnO-Si Solar Cell 

         Many solar cell configurations have been proposed for 

achieving higher conversion efficiency. The cell parameters 

may vary widely depend on the structural defects of the 

material and the nature and amount of chemical impurities. 

In this work, the silver is contacted on ZnO-Si cells at 

quenching temperature 450ºC for 1 hr intended to achieve 

higher efficiency. Figure 10 shows the compared results 

under illuminated I-V characteristics for ZnO-Si solar cells 

at annealing temperature 800°C for 90 min with silver 

contact on ZnO-Si solar cell. Photo doping of a cell 

characteristic phenomenon in ZnO-Si junction is occurring 
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when certain Ag is deposited on the film diffuse into the film 

by light irradiation. 

 

 

 

Fig 10. Comparison for the Illuminated I-V Characteristics of ZnO-Si and 

Ag-ZnO-Si Photo Cells 

The compared cell parameters for ZnO-Si and Ag-

ZnO-Si can be obviously seen in Table 2. From the 

experimental results, the open-circuit voltage, the short-

circuit current, the fill-factor, the maximum output power 

(Pm) and the efficiency (η) of Ag-ZnO-Si cells are better than 

ZnO-Si solar cells. Therefore, Ag-doped ZnO thin film can 

greately improve the absorption of the cells. Compare to 

pure ZnO, solar cell’s energy conversion efficiency 

improvement of 2.79% is obtained with Ag doped ZnO thin 

film.the cell parameters may vary widely depend on the 

nature and structure of the material and the amount of 

chemical impurities. 

TABLE 2 

THE COMPARISON CELL PARAMETERS FOR ZnO-Si AND 

Ag-ZnO-Si PHOTOCELLS 

 

Photocell 
Voc 

(mV) 

Isc 

(µA) 

Pm 

(µW) 

Ƞ 

(%) 

FF  

(%) 

ZnO-Si 299 37.2 4.14 3.83 37.22 

Ag-ZnO-Si 320 48.1 7.15 6.62 46.45 

 

IV. CONCLUSIONS 

Single crystalline silicon is more expensive, but higher 

efficiency than other crystal structures. ZnO exhibits a 

variety of interesting properties such as high electrochemical 

coupling, great stability of hexagonal phase, and a wide 

bandgap of 3.37 eV. Moreover, ZnO can also be considered 

an excellent material for optical method because it has strong 

(sharp) lattice absorption band. 

In this research, the ZnO- Si thin film at annealing 

temperatures has been studied in EDX, XRD and SEM 

analyses for surface morphologies, elementary composition 

and film’s structural properties. Then, the electrical and 

optical characteristics are studied by illuminated I-V curve, 

TSC- T (˚C) and I- V examined under different wavelength 

in the visible region. From the experimental result, the 

optimum ZnO-Si solar cell characteristic is annealing 

temperature 800 ˚C for 90 min. Then the silver contact on 

ZnO-Si solar cells are purposed to achieve for higher 

conversion efficiency. Their respective photo conversion 

efficiencies are 3.83 % and 6.62%. Therefore, silver is a 

suitable contact material for solar cell application to achieve 

higher efficiencies.  

ACKNOWLEDGEMENT 

The author heartily thanks to retired Professor Dr. Myint 

Kyi for his valuable consultations and other respected 

persons who deserve lab measuring equipment to carry out 

this research work. 

REFERENCES 

[1] Tapan Bhattachacharya, Terrestrail Solar Photovoltaics, India: 

Narosa Publishing Co. Inc, 1998. 

[2] S.J. Pearton, D.P. Norton, K. Ip, Y.W. Heo, T. Steiner, Recent   
advances in processing of ZnO, J. Vac. Sci. Technol. B 22 (2004) 

932–948. 

[3] J. Sun, Q. Dai, F. Liu, H. Huang, Z. Li, X. Zhang, Y. Wang, The 
ultraviolet photoconductive detector based on Al-doped ZnO thin 

film with fast response, Sci. China. Phys. Mech Astron. 54 (2011) 

102–105 
[4] Gonzalez-Valls, M. Lira-Cantu, Vertically-aligned nanostructures of 

ZnO for excitonic solar cells: a review, Energy Environ. Sci. 2 (2009) 

19–34. 

[5] J. Xia, A. Wang, X. Liu, Z. Su, Preparation and characterization of 

bifunctional, Fe3O4/ZnO nanocomposites and their use as photo 

catalysts, Appl. Sci. 257 (2011) 9724–9732. 
[6] S.W. Lee, H.D. Cho, G. Panin, T.W. Kang, Vertical ZnO nano rod/ 

Si contact light emitting diode, Appl. Phys. Lett. 98 (2011) 093110 
(1–3). 

[7] B.K. Sonawane, M.P. Bhole, D.S. Patil, Structural, optical and   

electrical properties of MgxZn1-xO ternary alloy films, Mater. Sci.         
Semiconductor. Process. 12 (2009) 212–216. 

[8] https://en.m.wikipedia.org  

[9] S. Y. Lee, E. S. Shim, H. S. Kang, S. S. Pang, and J. S. Kang, Thin 
Solid Films 473, 31 (2005). 

[10] Y. J. Zeng, Z. Z. Ye, W. Z. Xu et al., Journal of Crystal Growth, 283, 

180 (2005) 
[11] R.E.I Schropp and M. Zeman, Amorphous and Microcrystalline      

Silicon Solar Cells: Modeling Materials and Device Technology, 

Kluwer Academic Publishers, Boston, Mass, USA, 1998 

[12]  𝑤𝑤𝑤. 𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ𝑔𝑎𝑡𝑒. 𝑛𝑒𝑡  

[13]  Yao et al. 1995. “Electrical Behavior of Polysilicon Solar Cells 
Modified by the Electrochemical Coating of Heteropolyanions.” 

Renewable Energy, 6 July (1995) 829-833 

 

 

 

 

 

 

 

 

 

 

 

 

0

10

20

30

40

50

60

0 100 200 300 400

C
u

rr
en

t 
(µ

A
)

Voltage (mV)

ZnO-Si

Ag-ZnO-Si

https://en.m.wikipedia.org/

